related hypophysitis was first reported in 2004 [4] . Since then 30 cases have been reported in published articles . Almost all cases showed an enlargement of the anterior pituitary gland and/or stalk on magnetic resonance imaging (MRI), presenting various degrees of hypopituitarism and diabetes insipidus [24] .
Here we described a patient who was diagnosed with IgG4-related infundibulo-hypophysitis 4 years after the onset of IgG4-related autoimmune pancreatitis. In this case oral prednisolone (PSL) administration markedly reduced the level of serum IgG4, which resulted in the reduction of pituitary mass and partial improvement of anterior pituitary function. We also reviewed 30 cases of IgG4-related hypophysitis reported in the literature. gastroenterology in our hospital. He underwent gastrointestinal fiberscope, abdominal computed tomography (CT) and liver biopsy, which revealed no particular abnormal findings. He could not eat anything from October 2011. He also suffered from general malaise and hypobulia. Then he was admitted to a psychiatric hospital because depression was suspected. Then he was introduced to our hospital again. When he visited our outpatient department in December 2011, he complained of general malaise. Repeated hypoglycemic attacks and hyponatremia were found. So he was admitted to the diabetology division of medicine.
On admission the patient was alert, but showed poor facial expression. On physical examination, his height was 161.5 cm and his weight was 40.4 kg. His vital signs were as follows: temperature 36.0°C; blood pressure 105/65 mmHg; heart rate 74 beats/min. There were no particular physical findings. On laboratory examination, complete blood cell counts showed slight anemia and normal white blood cell count with eosinophilia (Table1). Serum albumin and cholesterol lev-
Case report
A 76-year-old man with general malaise and appetite loss was admitted to our ward of National Hospital Organization Okayama Medical Center in December 2011. When he was 60 years old, he was diagnosed with diabetes mellitus and hypertension. Type 2 diabetes was suspected from his past history and family history (his mother suffered from type 2 diabetes). Since then he had been treated with oral antidiabetic drugs until insulin therapy was started in 2005. In 2007 when he was 72 years old, he suffered from acute pancreatitis, and pancreas head tumor was found. Pancreas tumor with duodenum was removed surgically. The pathological findings of pancreas tumor revealed pseudotumor with infiltration of IgG4-positive plasma cells, which suggested IgG4-related autoimmune pancreatitis (Fig. 1) . His general condition became relatively well after treatment of pancreatitis, although liver function failure was pointed out. In August 2011, he suffered from appetite loss, and he was admitted to the department of HE staining (×100) shows significant lymphoplasmacytic infiltration. B: IgG4 immunostaining (×400) shows significant infiltration of IgG4-positive plasma cells.
enlargement of the pituitary gland and pituitary stalk, which were enhanced markedly by gadolinium ( Fig. 2A) .
The lesion extended up to the floor of the third ventricle. CT of the chest showed particle-like shadows mainly in the upper fields of the lung, thickness of the septum between pulmonary lobules, and enlargement of lymphnodes at mediastinum and lung hilum (Fig.  3A) . As the general condition of the patient was poor, BAL (bronchoalveolar lavage) and TBLB (transbronchial lung biopsy) were not carried out. IgG4-related hypophysitis was diagnosed based on the above mentioned past history and results of present examinations. Hydrocortisone administration (20 mg/day) was started, followed by levothyroxin administration (25 µg/day) (Fig. 4) . Only 2 weeks of 20 mg hydrocortisone administration ameliorated lung lesion to some extent. Then, 20 mg/day of PSL administration was started, and abnormal findings of lung field disappeared after 1 year of PSL administration (Fig.  3B) . PSL administration markedly decreased serum IgG and IgG4 levels. IgG4 levels decreased from 2100 mg/dL to 202 mg/dL. PSL also reduced markedly the size of pituitary gland and stalk on MRI (Fig. 2B ). Appetite and general condition were improved greatly. Hydrocortisone administration seemed to ameliorate the levels of plasma ACTH and cortisol, while TSH, LH, FSH levels remained low. PSL administration ameliorated the low levels of TSH, LH and FSH, but els were low. Serum AST and ALP were elevated. Serum electrolytes showed hyponatremia. Serum CRP was slightly elevated. Both serum IgG (4532 mg/ dL) and IgG4 (2100 mg/dL) were markedly elevated. Serum TPO-antibody and TG-antibody levels were normal. HbA1c and glycoalbumin were elevated, but urinary C-peptide was normal. Hormonal examination revealed low levels of plasma ACTH and cortisol. Plasma ACTH and cortisol levels were rather high in January 2011, probably due to the repeated hypoglycemic attacks. Plasma LH, FSH and testosterone levels were low. Serum GH level was normal, while IGF-1 level was low. Serum TSH level was low, but free T3 and free T4 levels were within normal range. Serum prolactin (PRL) level was elevated. Urine volume was 900~2000 ml/day. Serum osmolarity was elevated, while serum ADH level was within normal range.
Anterior pituitary function was evaluated by intravenous injection of CRH (100 µg), TRH (250 µg), GHRH (100 µg), and LHRH (100 µg) (Table 2a) . Plasma ACTH and cortisol showed low response to CRH. LH and FSH showed no response to LHRH. GH response to GHRH was within normal limit. TSH showed no response to TRH. Baseline PRL level was high, but its response to TRH was slight.
MRI of the hypothalamic-pituitary region demonstrated no high signal intensity of the posterior pituitary on T1-weighted image. It also showed significant it increased urine volume (3600 ml) and the volume of drinking water. Diabetes insipidus was suspected, Administration of hypertonic saline (5%) increased serum osmolarity, while plasma ADH level remained low (Table 2b) . Urine osmolarity did not increase. Central diabetes insipidus was diagnosed. Nasal des- Lymphocytic hypophysitis is associated with other autoimmune diseases such as Hashimoto's thyroiditis, Addison's disease, pernicious anemia, type 1 diabetes mellitus, parathyroiditis, Sjoegren's syndrome, SLE, and Behcet's disease [30] [31] [32] [33] . It is also associated with idiopathic retroperitoneal fibrosis [34, 35] . Some cases with infundibulo-neurohypophysitis were suspected as IgG4-related because they were associated with IgG4-related systemic diseases [36] [37] [38] [39] [40] . The first IgG4-related hypophysitis with high serum IgG4 level was reported in 2004 [4] . Shimatsu et al. [24] reviewed 22 cases of IgG4-related infundibulo-hypophysitis in 2012, and discussed the relation between IgG4-related hypophysitis and lymphocytic infundibulo-hypophysitis. Table 3 shows the summary of the present case and 30 cases of IgG4-related hypophysitis reported in the literature . These cases showed clinical features and MRI findings compatible to IgG4-related hypophysitis, and were diagnosed by both high serum IgG4 levels and histopathologic findings of pituitary biopsy or either of them. Eleven of 30 cases were diagnosed by pituitary biopsy. According to the comprehensive diagnostic criteria for IgG4-related disease by Umehara et al. [41] , 15, 6 and 10 cases are diagnosed as definite, discussion IgG4-related disease is characterized by infiltration of IgG4-positive plasma cells in involved tissue. Since Hamano et al. [4] reported autoimmune sclerosing pancreatitis with elevated serum IgG4, other systemic diseases such as Mikulicz's disease, Riedel's thyroiditis, retroperitoneal fibrosis, interstitial pneumonia, tubulointerstitial nephritis, screlosing cholangitis, pachymeningitis, and hypophysitis have been identified as IgG4-related. Hypophysitis is a chronic inflammatory disorder of the pituitary gland and its causes are heterogenous. According to the histopathologic findings it has recently been classified into 5 main forms; lymphocytic, granulomatous, necrotizing, xanthomatous and IgG4-related plasmacytic hypophysitis [29] . Lymphocytic hypophysitis is most frequently seen among them, and pituitary tissue is usually infiltrated by lymphocytes and occasionally by plasma cells and other inflammatory cells. It is classified into adenohypophysistis, infundibulo-neurohypophysitis and panhypophysitis, depending on whether the clinical and MRI signs involve the anterior lobe or the posterior lobe and the stalk, or both regions, respectively [30] . However, hypothalamic extension of infundibulo-hypophysitis might be also responsible for this appetite loss and depression. Oral PSL administration rapidly decreased serum IgG4 levels. After 10 months of PSL administration baseline levels of plasma TSH, LH and FSH increased to normal levels, suggesting a partial improvement of anterior pituitary function. Thus the present case fulfilled Leporati's criteria 2, 3, 4 and 5, and was diagnosed with typical case of IgG4-related infundibulo-hypophysitis. Although serum IgG and IgG4 levels were high after the beginning of IgG4-related pancreatitis, PSL administration was not started as involvement of other organs was not evident until the pituitary involvement. Four years after the beginning of pancreatitis the patient developed appetite loss and general malaise before rapid increase of serum IgG levels. Baseline plasma ACTH and TSH measurement did not suggest hypopituitarism at this point. Anterior pituitary function provocative test might resulted in earlier diagnosis of pituitary involvement. MRI is also very important for early diagnosis of pituitary involvement.
Almost all cases of IgG4-related hypophysitis showed hypopituitarism and/or diabetes insipidus, although a rare case of IgG4-related hypophysitis without pituitary insufficiency was recently reported by Hattori et al. [27] . Glucocorticoid, mainly PSL administration, markedly improved the enlargement of pituitary gland and stalk. But in some cases, the enlargement of pituitary mass was not improved even though glucocorticoid administration resulted in a reduction of serum IgG4. Caputo et al. [28] recently reported alternative therapy with azathioprine resulted in marked improvement in such a case. In the present case, PSL markedly reduced serum IgG4 levels and the size of pituitary mass and stalk along with partial improvement of anterior pituitary function. In at least 9 cases of 24 IgG4-related hypophysitis showing hypopituitarism glucocorticoid administration improved anterior pituitary function.
As steroid therapy, 0.5~1.0 mg/kg body weight/day of PSL were administered to more than half patients, although some cases responded well to replacement dose of hydrocortisone [8, 16, 24, 25] . In cases of probable and possible IgG4-related diseases, respectively. Although pituitary histopathologic examination is most important to diagnose IgG4-related hypophysitis, patients' condition did not allow to perform pituitary biopsy in 19 of 31 cases. In the present case pituitary biopsy was not done due to the poor condition of the patient.
Twenty-eight of 31 cases are men. This obvious male-dominance is quite different from women-dominance of lymphocytic hypophysitis. Twenty-four cases presented various degrees of hypopituitarism and 20 cases presented diabetes insipidus (DI). Fifteen cases showed both hypopituitarism and DI. Pituitary and stalk enlargement was reported in 24 and 27 cases, respectively. Both pituitary and stalk enlargement were observed in 20 cases. These findings suggest that at least two third of cases are infundibulo-hypophysitis. We gave the present case a diagnosis of IgG4-related infundibulo-hypophysitis because the patient showed both pituitary and stalk lesions.
Elevated serum IgG4 level were reported in 25 cases. In 4 cases that showed normal serum IgG4 levels, the levels were measured after beginning of glucocorticoid therapy. The presence of other IgG4-related diseases were reported in 27 cases. IgG4-related lung lesion, retroperitoneal fibrosis, autoimmune pancreatitis, lymphnodes lesion, sialadenitis, pachymeningitis and kidney lesion were reported in 12, 10, 10, 8, 7, 3 and 3 cases, respectively.
In 2011 Leporati et al. [19] devised the following five criteria to establish a diagnosis of IgG4-related hypophysitis: criterion 1) presence of a mononuclear cell infiltration of the pituitary gland, rich in lymphocytes and plasma cells, with more than 10 IgG4-positive cells per high-power field on pituitary histopathology; 2) sellar mass and/or thickened pituitary stalk on MRI; 3) biopsy proven involvement in other organs (association with IgG4-positive lesions in other organs), 4) increased serum IgG4 level (>140 mg/dL); 5) prompt shrinkage of the pituitary mass and symptom improvement with steroids. They proposed that diagnosis of IgG4-related hypophysitis is established when any of the following is fulfilled; criterion 1 only, criteria 2+3, or criteria 2+4+5. The present case presented the enlargement of pituitary gland and stalk. The patient showed biopsy-proven IgG4-related pancreatitis. Although lung biopsy was not performed due to his poor condition, his lung lesion may be IgG4-related lung disease because the lesion was rapidly amelio-disclosure None of the authors have any potential conflicts of interest associated with this research. appendix WBC, white blood cell; Seg, segmented neutrophil; Stab, band neutrophil; Eo, Eosinophil; Lym, Lymphocyte; RBC, red blood cell; Hb, hemoglobin; Hct, hematocrit; Plt, platelet; TP, total protein; Alb, Albumin; T-Bil, total bilirubin; AST, asparate aminotransferase; ALT, alanine aminotransferase; LDH, lactate dehydrogenase; CPK, creatine phosphokinase; ALP, alkaline phosphatase; γ-GTP, gamma-glutamyl transpeptidase; AMY, amylase; LIPA, lipase; BUN, blood urea nitrogen; Cre, creatinine; T-cho, total cholesterol; Na, sodium; K, potassium; Cl,chloride; CRP, C-reactive protein; IgG, immunoglobulin G; IgG4, immunoglobulin G4; TPO-Ab, anti-thyroid peroxidase antibodies; TG-Ab, anti-thyroglobulin antibodies; PG, plasma glucose; s-Osm, serum osmolarity IgG4-related hypophysitis, glucocorticoid seems to be administered for longer period than lymphocytic hypophysitis, because it takes longer period to improve other IgG4-related diseases. Some cases of IgG4-related hypophysitis relapsed when glucocorticoid was stopped or tapered [12, 16, 19, 23, 24] . Therefore, maintenance dose of glucocorticoid should be continued for longer period of time. In the present case, PSL, levothyroxine and desmopressin are still continued. PSL have been administered for more than 20 months. Long term administration of PSL causes adverse effects on patients, especially on elderly patients. Therefore, it is necessary to plan tapering of PSL dose for this patient. PSL tapering might also resulted in being able to reduce levothyroxine dose. Glucocorticoid administration did not improve DI in most patients as seen in the present case.
The present case suggests that both pituitary MRI and anterior pituitary function test along with serum IgG4 measurement are important for early diagnosis of IgG4-related hypophysitis. It still remains to be clarified whether IgG4-related hypophysitis is essentially different from lymphocytic hypophysitis.
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